Introduction {#sec1}
============

As an influential concept, physical literacy (PL) has rapidly gained global attention and incorporated into several sports and educational policies.[@bib1] A growing number of countries are beginning to implement PL to improve the physical activity (PA) level of youth. Canada is leading this area with many of its provinces (i.e., British Columbia and Labrador) beginning to use PL as a standard to evaluate the quality and outcome of physical education (PE) courses.[@bib2] The Society of Health and Physical Educators America used PL as a standard for evaluating kindergarten through 12th-grade PE courses in the hopes of using it as a standard for evaluating children of all ages.[@bib3] As a leader of PL research, Whitehead defines PL as "the motivation, confidence, physical competence, knowledge, and understanding to value and take responsibility for engagement in PAs for life".[@bib4]^,^[@bib5]

Failure to have adequate levels of PA increases individuals' risk of cancer, heart disease, stroke, and diabetes by 20%--30% and shortens lifespan by three to five years. Moreover, physical inactivity burdens society through the hidden and growing costs of medical care and loss of productivity.[@bib5] The latest report showed over one in four adults globally are physically inactive (32% men vs 23% women).[@bib6] The majority of adults who are inactive or irregularly active are those who had no interest in PE at school or had negative experiences of PAs when they were young; therefore, they tended to have sporadic PL journeys.[@bib7]^,^[@bib8] Additionally, most adults do not value PA and do not even recognize the importance of taking responsibility for their health.[@bib7] To start refreshing adults' participation and create learning experiences to foster lifelong PA, strategies should be taken to develop movement competence and promote self-confidence and self-esteem, which are the key components of PL.

Chinese undergraduates are classified as being in early adulthood (older than 18 years old).[@bib9] These young adults should value PA because of its contribution to the quality of life and take steps to incorporate it to their daily lives. This generation of young adults spends most of their time in universities. Hence, universities take an important role in establishing and maintaining continued participation in PA. Furthermore, the United Nations Educational, Scientific, and Cultural Organization has also stated that quality PE should be a key point of the school curriculum because it is the foundation for lifelong engagement in PA.[@bib10]^,^[@bib11]

The Ministry of Education of the People's Republic of China stipulated that PE courses must be offered to freshmen and sophomores in universities, completing a total of 144 h within four semesters.[@bib12]^,^[@bib13] However, only simply mandating the amount of PAs by PE teachers during PE courses is insufficient to fit the high fitness test standard.[@bib10] The concept of PL can thus, provide another effective way for PE curriculum by comparing to using physical health as a starting point, cultivating students' confidence, self-assurance and social skills may be more helpful for improving students' PA level.[@bib14]

In this context, PL is an emerging strategy to foster the promotion of PA participation across the lifespan. However, the accurate and systematic instruments for measuring PL are limited due to the differing definitions of each institution. SHAPE America defines PL as "the ability to move with competence and confidence in a wide variety of physical activities in multiple environments that benefit the healthy development of the whole person." SHAPE highlights three aspects, namely, competence, confidence, and environment.[@bib15] The Aspen Institute regards PL as "the ability, confidence, and desire to be physically active for life". According to the Aspen Institute, the meanings of ability and competence are almost identical.[@bib16]^,^[@bib17] The latter only replaces environment with desire. Ennis argues that PL should locate its center in knowledge, which serves as a basis for knowing how to do, what to do, and when to do.[@bib18] These studies show that the attributes of PL are concentrated mainly in motivation, physical competency and knowledge.[@bib19], [@bib20], [@bib21], [@bib22], [@bib23], [@bib24], [@bib25] Most of these works are based on the definition of Whitehead, who is one of the leading experts in PL, who claimed that six attributes and two stages were built up the concept of PL.[@bib26] The first stage, namely, the core stage, contained *motivation, confidence and physical competence, interaction with the environment.* The second stage contained *sense of self and self-confidence*, *self-expression and communication with others* and *knowledge and understanding.* First stage formed the kernel of the concept of PL and every attribute in this stage was mutually reinforcing with each other. The other three attributes characteristically develop as the first layer grow. The second stage will then further the first one.[@bib27]

Perceived Physical Literacy Instrument (PPLI) was developed based on the first stage of Whitehead's thesis. The PPLI was first constructed and validated to measure the perceived physical literacy of physical education teachers in Hong Kong and contained 18 items in the original version and was adjusted to a 9-item scale that appeared to be reliable and valid on adolescents in Hong Kong. It tested three dimension that reflected the second stage of PL mentioned by Whitehead.[@bib28]^,^[@bib29] However, the original Cantonese version of the PPLI was not relevant for Mandarin-speaking Chinese undergraduates because their written language uses different characters. Hence, various cultural factors must be considered. The cross-cultural adaptation of a self-administered instrument for use in a new language and culture requires a unique methodology to obtain content and semantic equivalence between the original and target language.[@bib30] Thus, this study aimed to evaluate the psychometric properties of the PPLI (simplified Chinese version) for use among Chinese undergraduates.

Methods {#sec2}
=======

Designing the PPLI (simplified Chinese version) {#sec2.1}
-----------------------------------------------

The PPLI (simplified Chinese version) used in this study was based on the original Cantonese version, which was used for the physical education teachers in Hong Kong ([Table 1](#tbl1){ref-type="table"}).[@bib28] Through exploratory factor analysis (EFA), Sum's team initially screened 18 items to 9 items and using this new Cantonese version to measure PL level of adolescents in Hong Kong.[@bib29] These 9 items fitted into 3 dimensions. Items 2, 7 and 8 were the first dimension, representing "Sense of self and self-confidence". The second dimension, including items 11, 12 and 13, were representing "Self-expression and communication with others". Items 4, 5 and 17 were the last dimension, which represented "Knowledge and understanding".Table 1**Items of the original 18-item Cantonese version of Perceived Physical Literacy Instrument**.Table 1PL1I possess adequate fundamental movement skills**PL2**[a](#tbl1fna){ref-type="table-fn"}**I am physically fit, in accordance to my age**PL3I am able to apply learnt motor skills to other physical activities**PL4**[a](#tbl1fna){ref-type="table-fn"}**I have a positive attitude and interest in sportsPL5**[a](#tbl1fna){ref-type="table-fn"}**I appreciate myself or others doing sports**PL6I am able to apply PE knowledge in the long run**PL7**[a](#tbl1fna){ref-type="table-fn"}**I possess self-management skills for fitnessPL8**[a](#tbl1fna){ref-type="table-fn"}**I possess self-evaluation skills for health**PL9I am willing to do sports for better healthPL10I have strong communication skills**PL11**[a](#tbl1fna){ref-type="table-fn"}**I have strong social skillsPL12**[a](#tbl1fna){ref-type="table-fn"}**I am confident in wild/natural survivalPL13**[a](#tbl1fna){ref-type="table-fn"}**I am capable in handling problems and difficulties**PL14I have a mindset for lifelong sportsPL15I can turn doing sports into an on-going habit of lifePL16I establish friendship through sports**PL17**[a](#tbl1fna){ref-type="table-fn"}**I am aware of the benefits of sports related to health**PL18I aspire to know the current sports trend[^1][^2][^3][^4]

To assess the reliability and validity of PPLI for undergraduate Chinese students, we selected the original 18 items version to conduct the analysis. This version contained 18 items, which were scored using a five-point Likert scale (1 = strongly disagree to 5 = strongly agree; the total score ranges from 18 to 90). Because the questioning tone in the original version of PPLI was generic and not developed for a designated population or profession, no modification was made to the vocabulary in the PPLI in this study, except for turning traditional characters into simplified characters as permitted by the developer.

Data collection and sampling {#sec2.2}
----------------------------

The ethical approval was obtained from the Medical Ethics Committee of the First Affiliated Hospital of Jinan University. The cross-sectional study was conducted from October to December 2018. A total of 622 undergraduates (aged from 18 to 21-year-old) majoring in different fields, from Jinan University in Guangzhou, Guangdong, China, participated in the study. The sample size for this study was large enough to examine the psychometric properties of the PPLI (simplified Chinese version) based on the criterion requiring 5--10 participants per item.[@bib31] Study details were fully explained to the participants before the study. Informed consent from all participants were obtained before sending the questionnaire. The research assistant (RA) was responsible for distributing the questionnaire and a pen to each participant before the PE class and for answering the participants' questions. The RA was trained previously and understood fully the structure and content of the questionnaire. Each participant was allowed to ask questions and they were free to refuse to answer any questions, and they could withdraw from the study at any point. To encourage participation, some simple gifts, such as pen and bookmarker, were given to them if they complete the survey. All questionnaires were collected before the class and the average response time was 10 min.

Data analysis {#sec3}
=============

IBM SPSS 25 was used for data analysis. Descriptive statistics, such as frequencies and percentages, were used to summarize the socio-demographic data. Internal consistency was tested via the Cronbach's alpha. Content validity of the PPLI (simplified Chinese version) was assessed by computing content validity indexes (CVIs) at the item level(I-CVI) and the scale level(S-CVI). CVI was completed by a panel of five experts that included sports and PA specialists who were invited to evaluate each item of the PPLI (simplified Chinese version) for content relevance, using a four-point Likert scale (1 = not relevant to 4 = highly relevant). The I-CVI of 0.8 or above and S-CVI of 0.9 or above were considered to be acceptable content validity.[@bib32] Then, with the ratio 1:1(311 cases in each subset and satisfied with the minimum amount of data),[@bib33] the total sample was randomly split via a computer-generated randomization sequence into 2 subsets, subset 1 was used for EFA and subset 2 was used for CFA. To assess structural validity, EFA was first used to determine the factor structure of the PPLI (simplified Chinese version) using the maximum likelihood estimation via Varimax rotation. Kaiser-Meyer-Olkin (KMO) index was used to assess sampling adequacy on subset 1, with a value of KMO higher than 0.8 deemed satisfactory for the items.[@bib32] Bartlett's test of sphericity (*p* ≤ 0.001) was used to identify if the correlations among the scale items were large enough for conducting principal components analysis.[@bib33] The commonalities of each item needed to be \> 0.40, with a factor loading ≥ 0.32.[@bib32] To confirm the structure obtained from EFA, CFA was used as a key step to refine and identify the factor structure of PPLI by using AMOS 25. Subset 2 was used for CFA,[@bib34] CFA can use different estimation methods for model evaluation. In general, the most commonly used method is maximum likelihood estimation. The advantages of maximum likelihood were that when the sample size is not large, or when the variable has an unsatisfactory kurtosis, the ideal parameter estimation can still be obtained.[@bib35] Therefore, this study used maximum likelihood as the estimation method. Only one model was constructed a priori for dataset and the indices used were the chi-square goodness of fit statistic, comparative fit index (CFI), adjusted goodness of fit index (AGFI), normed fit index (NFI), parsimonious normed fit index (PNFI), Tucker-Lewis index coefficient (TLI) and the root mean square error of approximation (RMSEA). According to the literature review of the examination of the best practice determination of model fit suggested within multivariate analysis texts, these indices were selected to represent absolute fit, incremental fit, and model parsimony categories could be represented by these selected indices.[@bib36], [@bib37], [@bib38]

Results {#sec4}
=======

Sample characteristics {#sec4.1}
----------------------

Before validating the PPLI, students' demographic characteristics were analyzed, a total of 622 undergraduates were recruited (Female = 448; Male = 174). The age of the participants ranged from 18 to 21 years old, with the mean age was 19.43 and the standard deviation (SD) was 0.86 ([Table 2](#tbl2){ref-type="table"}), which was consistent with the research subjects. More than half (n = 341, 54.8%) of the participants were in Grade One, with others (n = 281, 45.2%) came from Grade Two. After checking raw data, EFA was used as a critical step in finding the essential structure of multivariate observational variables and processing dimensionality reduction.Table 2**Demographic characteristics of the undergraduates (n = 622)**.Table 2Total NN = 622%Gender Female44872.0 Male17428.0Age 186210.0 1928646.0 2022736.5 21477.5Grade Grade 134155 Grade 228145

Internal consistency and content validity {#sec4.2}
-----------------------------------------

Before analyzing the factor structure, the expectation--maximization algorithm was used to estimated missing values in dataset.0.86 alpha coefficient was calculated, which was higher than the acceptable value of 0.7,[@bib39] and indicated the satisfied internal consistency. In terms of content validity, the I-CVI ranged from 0.8 to 1 and the S-CVI higher than 0.9 (S-CVI = 0.93), which indicated that PPLI had acceptable content validity.

EFA on subset 1 {#sec4.3}
---------------

EFA was conducted on the 18-item PPLI (simplified Chinese version) on subset 1 (n = 311). The KMO index of sampling adequacy was 0.78 and the p-value of the Bartlett's test of sphericity was 0.000, which indicate the suitability of the data for EFA.[@bib32]^,^[@bib33]

Nine (items 4, 6, 7, 8, 9, 12, 14, 15, and 16) out of 18 items of PPLI with loading value under 0.40 were deleted after the initial factor analysis.[@bib34] And then the principal component analysis (PCA) were computed again with all items' factor loaded higher than 0.60 in the final structure. Items that loaded at 0.32 or higher on two or more factors were defined as cross loading items.[@bib35] After removed cross loading items, PCA was reconducted until the model was cross loading free, which led to the final 8-item scale with three factors, as shown in the pattern matrix in [Table 3](#tbl3){ref-type="table"}. The remaining 8 items, namely, item 1, 2, 3, 5, 10, 11, 17 and 18 loaded on a three-factor model explained 73.45% of the variance. The factor loadings of these 8 items were all greater than 0.60. Their factor loadings ranged from 0.68 to 0.93, thereby indicating adequate relevance to the respective latent factors. The total correlation of the corrected item ranged from 0.44 to 0.69. The Cronbach's alpha of the items deleted were 0.79--0.83. The scale alpha of three factors were 0.80, 0.68, and 0.90.Table 3**Factor structures by Exploratory Factor Analysis and Reliability**.Table 3SignItemsF1F2F3Total Variance explainedCorrected Item-total CorrelationCronbach's α if Item DeletedScale AlphaPL1I possess adequate fundamental movement skills**0.82**0.100.190.550.810.80PL2I am physically fit, in accordance to my age.**0.82**0.200.090.560.81PL3I am able to apply learnt motor skills to other physical activities**0.78**0.290.250.690.79PL5I appreciate myself or others doing sports0.24**0.72**0.190.540.810.68PL17I am aware of the benefits of sports related to health0.07**0.84**0.080.440.83PL18I aspire to know the current sports trend0.23**0.68**0.160.490.82PL10I have strong communication skills0.230.20**0.90**0.620.800.90PL11I have strong social skills0.170.17**0.93**73.45%0.570.81

CFA on subset 2 {#sec4.4}
---------------

CFA was then adopted among the second group (n = 311) of participants to cross-validate and confirmed an acceptable model with the three-dimension structure of the remaining 8-item PPLI (simplified Chinese version) through IBM SPSS -Amos 25 ([Fig. 1](#fig1){ref-type="fig"}). The factor loading of all items, ranged from 0.60 to 0.92, were higher than the standard of 0.45, which means the factor validity of this 8-item instrument was satisfactory.[@bib40] The absolute fit indexes of RMSEA (0.03) was below the accepted maximum fit value (0.05), and AGFI (0.96) was above the expected minimum of 0.90.[@bib41] Normed chi-square index (1.32) was under the marginal maximum of 3.00.[@bib42] NFI (0.97), CFI (0.99) and TLI (0.99) were all well above the 0.95, which indicated a strong incremental fit.[@bib43] For parsimonious fit of the structure, PNFI (0.59) was smaller than incremental fit values but was within the acceptable range values.[@bib44]Fig. 1Factor structure and standardized factor loading on perceived physical literacy items.Fig. 1

Discussion {#sec5}
==========

This study adapted original Cantonese version of PPLI into simplified Chinese version. Results showed that the PPLI (simplified Chinese version) had a good validity to measure the perceived physical literacy, in terms of three dimensions of *motivation*, *confidence and physical competence*, and *interaction with the environment*, among undergraduates in Mainland China.

The first dimension or factor of the PPLI (simplified Chinese version) included item 1, 2 and 3, which were stated as "I possess adequate fundamental movement skills", "I am physically fit, in accordance to my age", and "I am able to apply learnt motor skills to other physical activities." respectively. These items reflected that physical literate people should have strong confidence and physical competence. The participants perceived themselves as physically fit and having full confidence in their physical abilities and have the confidence to apply what they have learned to other areas. Undergraduates in the current study noticed that their body improved while performing physical activities.

The second dimension or factor of the PPLI (simplified Chinese version) included item 5, 17, and 18, which read: "I appreciate myself or others doing sports," "I am aware of the benefits of sports related to health," and "I aspire to know the current sports trend." respectively. These items reflected that physical literate individuals have a positive attitude in doing sports. They enjoyed participation in sports and feel the same way seeing others. Physical literate people treated physical activity as a lifestyle, which they would like to live their whole lives. They are also aware that doing sports is good for their health and eager to find out what is the current sports trend.

The third dimension or factor of the PPLI (simplified Chinese version) included item 10 and 11, which read: "I have strong communication skills," and "I have strong social skills." respectively. These items revealed participants perceived PL included knowing how to interact with environment. They can empathize and express their feelings freely, which improves their self-expression and communication with others.[@bib27] With a strong social communication skill, physical literate people can integrate more effectively into society.

As advocated by Whitehead, PL can be divided into six attributes: 1) *motivation*, 2) *confidence and physical competence*, 3) *interaction with the environment*, 4) *knowledge and understanding of PA*, 5) *sense of physical self and self-confidence,* and 6) *self-expression and communication with others*. The relationships of these attributes in PL can be described in two stages. 1) *motivation*, 2) *confidence and physical competence* and 3) *interaction with the environment* are the kernel stage and are mutually reinforcing. Motivation could build participants' confidence and more confidence could in turn maintain or enhance motivation. As self-confidence increases, participants will be more skilled in interacting with the environment. As more new challenges appear, this relationship with the environment can in turn enhance the physical confidence. The success of developing relationships with a range of environments can further motivation, which can in turn encourage promote effective interaction with the environment. All the second stage (4, 5, 6) could in turn enhance the first stage (1, 2, 3).[@bib27]

The original PPLI were used to test PE teachers and adolescents PL in Hong Kong. Three dimensions were found from prior studies, which were 4) *knowledge and understanding of PA*, 5) *sense of physical self and self-confidence,* and 6) *self-expression and communication with others*.[@bib28]^,^[@bib29] Different from prior studies, the current study found the kernel stage of PL with the PPLI. Since the different culture and environment, some attributes did not find in undergraduates from Mainland China. The following section would discuss about these attributes.

Item 7 and 8 were used to explain the 5) *sense of physical self and self-confidence,* which stated: "I possess self-management skills for fitness." and "I possess self-evaluation skills for health." Respectively. These two items reflected that physical literate PE teachers in Hong Kong had better self-management skills and had better sense of their health, which corresponded with their job and age. Different from PE teachers in Hong Kong, undergraduates in Mainland China did not have self-management or self-evaluation habit since the government did not offer such PE course to teach them related knowledge. Item 4, namely "I have a positive attitude and interest in sports" was used to explain 6) *understanding and knowledge in the prior studies*.[@bib28] Instead put this item into 6), the current study tried to put it into *1) motivation.* However, the result did not show a good fit. It is reasonable to say that because the policy of government, Mainland China are required to take a PE course, which may simply desired to increase their amount of PA but not their interests in participation of PA. Item 13 stated "I am capable in handling problems and difficulties" and was used to explained 6) *self-expression and communication with others* in the prior study.[@bib28] Results of EFA in the current study showed that it is indeed belong to the 3) *interaction with the environment*. But it also showed a high cross loading in other two dimensions. This may be attributed to the reason that item 13 was expressed in a vague language, such item (handling difficulties) could show significant in each aspect.

This article has several limitations. First, because the subjects are completely random collected, the proportion of females is larger than males, which may result in some outcome deviations. Second, the participants of study were college students rather than children and adolescents, which leads to the fact that the instrument could be only used for college students in the future. Further research could continue to explore a wide range of age group.

Conclusion {#sec6}
==========

The concept of PL has multiple benefits for health, such like enhancing the PA of undergraduate students and solving the deterioration of national PA. Given that the university plays a vital role in developing exercise habits, this is the first study to develop the original Cantonese version of PPLI, which was an instrument to measure perceived PL, into simplified Chinese version and aim to evaluate the psychometric characteristics of PPLI (simplified Chinese version) for undergraduates in Mainland China. Through testing EFA, internal consistency and CFA, the research team showed that PPLI is a reliable and valid instrument to measure perceived PL among undergraduates in Mainland China. Additionally, different from prior studies, the current result of EFA showed three dimensions in PPLI (simplified Chinese version), namely, *motivation, confidence and physical competence*, and *interaction with the environment,* which are exactly the first three attributes, namely, the kernel stage, of the Whitehead's PL concept.

Further study could use this reliable and valid PL instrument to explore the potential factors that contribute to the current deteriorated PA level, such as lack of motivation, self-confidence, or related competence for PA, among Chinese undergraduates. Moreover, this simplified Chinese version of PPLI could help health or PE professionals to structure appropriate intervention programs to utilize the PL as a standard to evaluate the quality and outcome of PE courses or foster lifelong PA level among Chinese young generation.
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[^1]: Items 2, 7, 8, were the first dimension in the 9-item Cantonese version of PPLI.

[^2]: Items 11, 12, 13, were the second dimension in the 9-item Cantonese version of PPLI.

[^3]: Items 4, 5, 7, were the third dimension in the 9-item Cantonese version of PPLI.

[^4]: Items in the 9-item Cantonese version of PPLI instrument.
